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Field of the Invention 
The present invention generally relates to an 
image display apparatus with a relatively large screen 
for use in a liquid crystal projector, a liquid crystal 
television, etc. More particularly, the present inven- 
tion pertains to an image display apparatus using simple 

C{Y\ 

matrix liquid crystal display apparatus, such as^STN 
liquid crystal display apparatus. 
2. Description of the Related Art 

It is required that a liquid crystal display (LCD) 
apparatus for a television set should have high perform- 
ance and -e-f- good quality, such as high resolution, fine 
gray scales, quick response and high contrast. 

There are two type LCD display apparatus: a simple 
matrix LCD apparatus and a TFT LCD apparatus. The TFT 
LCD apparatus is considered to be more excellent in the 
quality of an image and a response speed. The simple 
matrix type LCD apparatus has the following two 
shortcomings : 

i) A response speed is low. 

ii) Because of high duty, the margin is small and 
contrast is low. 

Particularly, the response speed of the simple 
matrix LCD apparatus is ^- s low . If STN liquid crystal is 
used, the response speed will be lower even though the 
contrast is improved. 
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In a conventional LCD apparatus, since the quality 
of an image is determined by the number of bits consti- 
tuting a control signal which defines an image, the 
circuit scale and the number of wirings have to be 
5 increased to acquire a high-quality display. In a liq- 
uid crystal driving circuit which displays an image on 
an LCD with *fefee- gray scales by means of pulse width 
modulation, for example, if the number of bits of the 
control signal can be decreased, the number of wirings 

10 and the circuit scale will also be reduced, ensuring a 

^> lower cost for the apparatus accordingly. It is r however ; 
difficult to improve the quality of an image without 
reducing the number of bits . 

Summary of the Invention 

15 It is therefore an object of the present invention 

to provide a liquid crystal display apparatus with a 
simple matrix structure, which can accomplish a high 
response speed and an image of high quality. 

It is another object of the present invention to 

20 provide a liquid crystal display apparatus which can 

display an image of high quality with fewer bits of the 
control signal. 

To achieve those objects, according to the present 
invention, there is provided an image display apparatus 

25 for supplying gray scale data according to a video 

signal to a liquid crystal panel to present^ray-scaled 
display^ and^scanning the liquid crystal panel N times 
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(.N is 

ftt-r^an integer equal to or greater than 2) during one 



field period of a video signal, comprising: 

gray scale data generating means for comparing a cur- 
rent video signal with a previous video signal of a prede- 
5 termined period before , and generating gray scale data for 
N times in accordance with a comparison result; and 

drive means for driving the liquid crystal panel 
with proper gray scales based on the gray scale data 
generated by the gray scale generating means. 

10 With the above arrangement, the liquid crystal 

display apparatus compares display data for the current 
screen with that for the immediately previous screen, 
generates gray scale data for N times in accordance with 
the comparison result, and presents a gray-scaled image 

15 based on the generated gray scale data. The response^of 
liquid crystals can therefore be improved significantly. 
Even if, for example, STN type liquid crystals are used, 

speed 

the improvement of the response^is possible without low- 



ering -a- contrast . The liquid crystal display apparatus 
20 according to this invention can therefore accomplish 

quick response and high image quality even with a simple 
matrix structure. 

Since desirable gray scales can be acquired by N 
times displays, the response speed can be increased 
25 while reducing the number of transmitted bits. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
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in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations 
5 particularly pointed out in the appended claims. 

Brief Description of the Drawings 
The accompanying drawings, which are incorporated 
in and constitute a part of the specification, illus- 
trate presently preferred embodiments of the invention, 
10 and together with the general description given above 
and the detailed description of the preferred embodi- 
ments given below, serve to explain the principles of 
the invention. 

Fig. 1 is a diagram illustrating the entire 
15 structure of a liquid crystal projector according to 
the first embodiment of the present invention; 

Fig. 2 is a block diagram showing the structure of 
an A/D converter in an image display apparatus shown in 
Fig. l; 

20 Fig. 3 is a block diagram of a liquid crystal 

display apparatus in the image display apparatus; 

Fig. 4 is a waveform for explaining the conversion 
of a gray scale (gradation) signal in the image display 
apparatus ; 

25 Fig. 5 is a waveform for explaining the response 

speed of the image display apparatus; 

Figs. 6A to 6G are waveforms for explaining the 
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gray scale signals of the image display apparatus; 

Fig, 7 is a diagram for explaining that scanning 
electrodes of the image display apparatus are driven in 
units of two electrodes; 

5 Fig. 8 is a specific block diagram illustrating the 

image display apparatus; 

Fig. 9 is a diagram showing the structure of a ROM 
table in the image display apparatus; 

Fig. 10 is a diagram illustrating the structure of 
10 a voltage selector in the image display apparatus; 

Fig. 11 shows voltage levels of scan and signal 
electrode drive signals in the image display apparatus; 

Fig. 12 is a waveform for explaining the operation 
of the image display apparatus; 
15 Figs. 13A to 13J are waveforms for explaining ' the 

operations of the image display apparatus; 

Fig. 14 is a diagram illustrating that a 5-bit gray 
scale signal is converted into a 3-bit signal; 

Fig. 15 is a waveform for explaining the operation 
20 of the liquid crystal display apparatus; 

Fig. 16 is a diagram for explaining how scanning 
electrodes are driven in the image display apparatus; 

Figs. 17A to 17E are waveforms for explaining the 
operation of the liquid crystal display apparatus; 
25 Fig. 18 is a block diagram illustrating the circuit 

structure of the second embodiment of the present 
invention; 



Fig. 19 is a diagram showing an image data table to 
be stored in a ROM; 

Fig. 20 is a diagram showing the status of image 
data which changes with the frame change; 

Fig. 21 is a block diagram illustrating a circuit 
structure according to the third embodiment of the pre- 
sent invention; 

Fig. 22 is a diagram showing the contents of an 
identification signal to be output from a comparator 
shown in Fig. 21; 

Fig. 23 is a diagram showing the operation of a 
selector shown in Fig. 21; and 

Fig. 24 is a diagram illustrating the correlation 
between an input data to an address decoder in Fig. 21 
and image data to be read from the ROM. 

Detailed Description of the Preferred Embodiments 

The first embodiment of the present invention will 
now be described referring to Figs. 1 to 17. 

An apparatus according to this embodiment is a 
liquid crystal projector, which separates light from a 
single light source into components of R (red), G 
(green) and B (blue), irradiates the components respec- 
tively to three liquid display modules, and combines 
images displayed on the individual liquid display 
modules, projecting the resultant image on a screen. 

Fig. 1 illustrates the entire structure of a liquid 
crystal projector 1. In Fig. 1, the liquid crystal 
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projector 1 comprises an image display device 2 and an 
optical system 4. The image display device 2 displays 
video signals for three colors R, G and B on the respec- 
tive three liquid crystal panels. The optical system 4 
5 combines images displayed on the R, G and B liquid 

crystal panels by reflection and/or transmittance of the 
light from a light source, and projects the enlarged 
composed image on a screen 3 by a projection lens. 

The image display device 2 comprises a timing con- 

10 troller 11, an A/D converter 12, an R display controller 
13, a G display controller 14, a B display controller 
15, an R liquid crystal display (LCD) section 16, a G 
LCD section 17, and a B LCD section 18. The timing con- 
troller 11 generates various timing signals and supplies 

15 the signals to the individual circuits. The A/D con- 
verter 12 converts a video signal from a video signal 
source into a digital signal^ con3i3ti - ng"of predetermined 
bits (e.g., five bits) based on a sampling clock cj> s . 
The R, G and B display controllers 13, 14 and 15 control 

20 the display on the R, G and B liquid crystal panels in 
accordance with a control signal from the timing con- 
troller 11. The R, G and B LCD sections 16, 17 and 18 
drive the R, G and B liquid crystal panels in response 
to the outputs of the R, G and B display controllers 13, 

25 14 and 15. The detailed explanation of the image dis- 
play apparatus 2 will be given later referring to 
Fig. 9. 
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Fig. 2 is a block diagram showing the structure of 

the A/D converting section for the color B in the A/D 

/L 4. , Co)orS 

converter 12, A/D converting sections foiy^R and G have 

the substantially same structure as the A/D convertinq 
fy 5 section foyjB. In Fig. 2, a reference voltage generator 

101 includes 31 series-connected resistors r^ between 
source voltages RHH and RLL, which have the same 
resistances, acquiring 30 different reference voltages 
at connection points thereof. The reference voltages 
10 output from the reference voltage generator 101 are sent 
respectively to reference voltage terminals R1L to R15L 
and R1H to R15H in comparators Bl to B15. Supplied to 
P . each of the comparators Bl to B15^a~-4ke- sampling clock 

<t> s and a select signal <t> p for selecting a reference 
B> 15 voltage for every field (Fig. 17B) ^-fu rth o r a video 

signal received from a video amplifier (not shown) at 
J5 the preceding stage is sent to/jdate input terminals II 

to 115 of the comparators Bl to B15. 

In response to the select signal 4>p, the 
20 comparators Bl to B15 alternatively select the first 
JZ> or second reference voltage, and^-e ompa re? the video sig- 

nal with the selected reference voltage, outputting the 
comparison result to an encoder 102 in response to the 
sampling clock <t) s . The encoder 102 encodes outputs XI 
25 to X15 of the respective comparators Bl to B15, and 

sends the encoded data as 5-bit image data Dl to D5 to 
the display controllers 13, 14 and 15. 
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As described above, in the comparators Bl to B15, 
the compared reference voltages are switched for every 
field, and the input video signals even at the same 
level are occasionally converted into different data. 
5 The data output from the comparators Bl to B15 are 

encoded by the encoder 102, yielding 5-bit data Dl to 
D5 , which are in turn sent to the display controllers 
13, 14 and 15. If the video signals at the same level 
are input to the comparators Bl to B15, therefore, the 

10 data Dl to D5 may have different values for an odd field 
and even field . 

Fig. 3 presents a block diagram of the LCD sections 
16, 17 and 18, but shows only the R LCD section 16 as a 
representative because those three systems for R, G and B 

15 are constituted of the same circuit. As shown in Fig. 3, 
the R LCD section 16 includes: a liquid crystal panel 20 
bisected into upper and lower portions 20A and 20B; a scan 
driver 21 for driving scan electrodes of the upper liquid 
crystal panel 20A; a scan driver 22 for driving scan elec- 

20 trodes of the lower liquid crystal panel 20B; and signal 
drivers 23 and 24 for driving signal electrodes in 
response to the output of the R display controller 13. 

The scan drivers 21 and 22 apply scan signals to 
the scan electrodes of the upper and lower liquid 

25 crystal panels 20A and 20B, respectively. The signal 
drivers 23 and 24 apply video signals to the signal 
electrodes of the liquid crystal panels 20A and 20B to 
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thereby control the gray scales (gradation) of liquid 
crystal pixels where the scan electrodes cross the sig- 
nal electrodes. 

The gray scale data from the R display controller 
5 13 is subjected to pulse width modulation (PWM) by the 
signal drivers 23 and 24. More specifically, signals 
with one of 16 pulse widths corresponding to the gray 
scale data are prepared by the signal drivers 23 and 24, 
J5> and^then supplied to the associated signal electrodes to 
10 thereby determine the contrast of the display pixels on 
the selected scan electrodes. 

The above-described operation will be repeated 
every time the selected scan electrodes are changed. 

The technical features of this embodiment will now 
15 be summarized briefly. 

(1) Set the frame frequency larger than the normal 

one . 

In an image display apparatus, the period for 
scanning the entire one screen is called "one frame" and 

20 its cycle (frame frequency) is 60 Hz in general because 
one screen is displayed in one field of a video signal. 
The image display apparatus 2 of the embodiment scans 
the liquid crystal panel 20 four times in 1/60 second, 
and displays an image four times in^conventional one 

25 frame period (1/60 second). The frame frequency is 
therefore 240 Hz in this embodiment. To accomplish 
this four-time-display, in this embodiment, the display 
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controllers 13, 14 and 15 are each provided with frame 
memories (RAM- A, RAM-B, RAM-C and RAM-D) so that data 
temporarily stored in the memory is read out four times 
at given timings during one conventional frame period. 
5 It is to be noted that two fields of a video signal are 
also called "frame" and the term "frame" in this speci- 
fication is used to mean one scanning of the liquid 
crystal panel as well as two fields of a video signal. 

(2) Use bisected liquid crystal panels. 

10 As shown in Fig. 3, the liquid crystal panel is 

bisected into the upper and lower liquid crystal panels 
20A and 20B. The scan drivers 21 and 22 are provided to 
respectively drive the upper liquid crystal panel 20A 
and the lower liquid crystal panel 20B so as to select 

15 the scan electrodes of the liquid crystal panel 20A and 
those of the liquid crystal panel 20B. This manipula- 
tion can reduce the duty to a half, doubling the select 
time for one scanning. To simultaneously select the 
scan electrodes of the upper and lower liquid crystal 

20 panels 20A and 20B, data of the scan electrode XI and 

data of the scan electrode X241, for example, should be 

-hh^. -Sam e 

obtained at^-a-time, thus requiring that at least one of 
the data be read out from a memory. According to this 

Comprises 

embodiment, this memory ^is constituted by the aforemen- 
25 tioned RAM-A, RAM-B, RAM-C and RAM-D. 

(3) Convert the values of gray scale signals using 
a ROM table in order to increase the response speed of 
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the liquid crystal panel. 

In the case where the gray scale signal of a cer- 
tain pixel on the liquid crystal panel 20 is "2" in one 
frame and becomes "10" in the next frame as shown in 
Jp 5 Fig. 4, the response speed of the liquid crystal is^-siow 

so that the gray scale of that pixel is gently changed 
from "2" to "10. " This delays the gray scale of that 
pixel to reach "10" as indicated by the solid line in 
Fig. 5. 

10 According to this embodiment, therefore, the 

original gray scale signal indicating the gray scale 
11 10" is converted to a gray scale signal that represents 
the gray scale "16, " for example, shown with a broken 
line in Fig. 4 to thereby improve the response speed. 

15 Likewise, when the gray scale signal of a certain pixel 
is "10" in one frame and becomes "3" in the next frame, 
the original gray scale signal "3" is converted to a 
gray scale signal "0" to improve the response speed of 
the liquid crystal shown with a broken line in Fig. 4. 

20 To effect the above conversion of gray scale 

/2> signals eft- ROM is provided with a ROM table having the 

gray scale values of the previous frame and those of the 
current frame in association with each other, so that 
the conversion of gray scale signals is executed refer- 

25 ring to the ROM table to speed up the conversion. For 

instance, with the value of the previous frame being "0" 
and the value of the current frame being "0," the table 
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data is set to "0," while when the value of the previous 
frame is "2" and the value of the current frame is "10," 
the table data is set to "15." In this manner the dis- 
play data (gray scale signal) of a video signal is not 
5 given directly to the liquid crystal panel, but is 

modified using the ROM table before being supplied to 
the liquid crystal panel . 

In the case where the gray scale of the current 
frame is "10" and the gray scale of "15" is given after 
10 conversion by the ROM table, when the gray scale of the 
next frame is "10," the gray scale of the previous frame 
is "10" and that of the current frame is "10," As a 
result, data "10," for example, would be read out from 
the ROM table. 

15 Assuming that it is sufficient to simply increase 

the response speed, then, the follow-up to gray scale 
data of the gray scale actually displayed can be 
enhanced by giving the maximum value of a gray scale 
signal when the value of the current gray scale signal 

20 is larger than the previous value and giving the minimum 
value when the current value is smaller than the previ- 
ous one. In this case, however, an overshoot or under- 
shoot would occur. Actually, therefore, the optimal 
values need to be acquired through simulation or the 

25 like and stored in the ROM table in advance. As the 

optimal values vary with temperature, a plurality of ROM 
tables may be provided in association with different 
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temperatures . 

(4) Alter the number of bits of a gray scale 
signal . 

When a gray scale signal acquired by the A/D 
converter 12 is a 5-bit parallel signal, normally, the 
peripheral circuits would process the 5-bit parallel 
signal. For the LCD sections 16, 17 and 18, it is 
desirable that the number of required wirings be 
reduced. According to this embodiment, therefore, the 
5-bit gray scale signal acquired by the A/D converter 12 
is converted into a 3-bit signal using the following 
method, reducing the number of wirings. 

When the gray scale signal acquired by the A/D con- 
verter 12 indicates a gray scale of "5," for example, a 
single signal (pulse) with a width corresponding to the 
gray scale "5" is supplied to a signal electrode in one 
field period (1/60 second) according to the prior art. On 
the contrary, this embodiment divides one field period 
(1/60 second) into four frame periods (1/240 second) as 



signal is supplied to a signal electrode in each frame 
to set the sum of the pulse-width of the four drive sig- 
nals to be applied to the liquid crystal during one 
field period to a value corresponding to the gray scale 
"5- 11 As the operation of the liquid crystal depends on 
the effective value of the applied voltage, this tech- 
nique does not cause the value of the signals to be 
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applied to the liquid crystal during one field to differ 
from the one acquired in the prior art, making it possi- 
ble to provide the desired gray scale. Accordingly, the 
value of individual signals to be applied to the signal 
5 electrodes can be reduced to about 1/4 of the conven- 
tional value and the number of bits of a gray scale 
signal can be reduced to three bits from five bits. 

<LonC e p4 

The above^will be described specifically referring 
to Figs. 6A to 6G, wherein the gray scale signals for 
10 only one of the pixels is shown. The solid lines in 
Figs. 6A to 6G represent waveforms of a conventional 
gray scale signal (frame frequency of 60 Hz), and the 

repress*^ 

broken lines^the waveforms of a gray scale signal 
according to the present invention (frame frequency of 
15 240 Hz) . 

When the gray scale to be displayed is "1," a pulse 
having a pulse width corresponding to the gray scale "1" 
is supplied to the signal electrodes as shown in Fig. 6A 
according to the prior art. According to this 

20 embodiment, a pulse having a pulse width corresponding 
to the gray scale "1" is supplied to the signal elec- 
trodes in one frame (1/240 sec), and no pulse is sup- 
plied in the other three frames as shown in Fig. 6B. 
When the gray scale to be displayed is "20," a 

25 pulse having a pulse width corresponding to the gray 

scale "20" is supplied to the signal electrodes as shown 
in Fig. 6C according to the prior art. According to 
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this embodiment, however, a pulse having a pulse width 
corresponding to the gray scale "5" is supplied to the 
signal electrodes in each frame as shown in Fig. 6D. 
The total of the pulse widths of the pulses to be 
5 applied to the signal electrodes during one field 

becomes a value corresponding to the gray scale "20." 

When the gray scale to be displayed is " 21," a 
pulse having a pulse width corresponding to the gray 
scale "21" is supplied to the signal electrodes as shown 

10 in Fig. 6E according to the prior art. According to 

this embodiment, on the contrary, a pulse having a pulse 
width corresponding to the gray scale "6" is supplied to 
the signal electrodes in one frame (1/240 sec) and a 
pulse having a pulse width corresponding to the gray 

15 scale "5 M is supplied in the other three frames as shown 
in Fig. 6F. Consequently, the total of the pulse widths 
of the pulses to be applied to the signal electrodes 
during one field becomes a value corresponding to the 
gray scale "21 . " 

20 When the gray scales to be displayed are anywhere 

from "28" to "31" (full), a pulse having a pulse width 
corresponding to the maximum gray scale "7" that can be 
expressed by three bits is supplied to the signal elec- 
trodes in each frame according to the present invention, 

25 as shown in Fig. 6G. That is, since a 3-bit gray scale 
signal is used in this embodiment, when the original 
display gray scale is between "28" and "31," a signal 
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having the waveform shown in Fig. 6G is applied to the 
signal electrodes to present the gray scale of "28." 
(5) Drive scan electrodes by twos. 
Assuming that there are 480 scan electrodes in 
total as shown in Fig. 7 , because of the bisected liquid 
crystal panel 20, 240 scan electrodes are driven in one 
frame period. In the case of a CRT, so-called inter- 
laced scanning is performed so that odd numbered lines 
are scanned in one frame and even numbered lines are 
scanned in the next field. When the duty is high in^a- 
LCD apparatus, the operation margin (drive voltage 
ratio) drops undesirably. According to this embodiment, 
therefore, in one frame, a line 2 is scanned together 
with a line 1, and a line 4 is scanned together with a 
15 line 3. In the next field, the line combination is 

changed so that the line 3 is scanned together with the 
line 2, and a line 5 is scanned together with the line 



10 



(6) Provide a zero bias period in each frame 
20 period. 

A television signal has a vertical blanking period 
during which no display data is present. According to 
the conventional image display apparatus, the scan 
electrodes and signal electrodes are kept at the same 
25 potential (zero-biased) in the vertical blanking period 
With the liquid crystal panel driven with a frame fre- 
quency of 240 Hz as in this embodiment, however, it was 
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confirmed through experiments that the display would be 
adversely influenced if the zero bias periods concen- 
trated in one frame* 

According to this embodiment, the zero bias periods 
5 are distributed to the individual frames to avoid the 

concentration of those periods in one frame, preventing 
•ttee^ad verse effect on the display. The zero bias peri- 
ods are simply distributed to the individual frames, 
and are the same as those in the prior art so that the 
10 operational margin of the liquid crystal panel will not 
fall. 

The zero bias periods are distributed in this 
embodiment utilizing the ^ frame memories (RAM-A, RAM-B, 
RAM-C and RAM-D) which serve to increase the frame 

15 frequency by four times the conventional one. 

If data display is effected using data read out 
from a frame memory, it is theoretically possible to 
display an image without a vertical blanking period. In 
other words, one field has only to be evenly divided 

20 into four during which the liquid crystal panel should 
JJJ be driven. In the prior art, one field is 262.5H^f**-f 

horizontal scan period), and equally dividing this 
period by four yields a fractional value of 65.625H. It 
is not practical to provide such a fractional timing. 

25 In this respect this embodiment drives the liquid 

crystal at a timing that is an integer multiple of 1H, 
and zero-biases the liquid crystal in the remaining 



period . 

According to this embodiment, there are 480 scan 
lines as shown in Fig. 7, and the scan electrodes are 
simultaneously selected by twos for each of the upper 
liquid crystal panels 20A and 20B of the bisected liquid 
crystal panel 20. Since the select period per line is 
1/2H, the display period for one image is 

120 x (1/2) x 4 = 240H. 

The period in one field period which is not used for 
data is 

262. 5H - 240H = 22. 5H. 
Therefore, the zero bias period per frame is 

22. 5H - 4 = 5.265H. 
SPECIFIC EMBODIMENT 

Figs. 8 through 17 illustrate a specific embodiment 
of an image display apparatus having the features (1) to 
(6) explained above. 

To begin with, the structure of this embodiment 
will be described. The image display apparatus 2 
comprises three circuits for R (red), G (green) and B 
(blue), respectively, and those three circuits have -teke* 
substantiall^-sctme— s - tructur e her- e. Fig. 8 therefore 
illustrates the circuit for R as^-a- representative ♦ 

The image display apparatus 2 comprises a timing 
controller 11 for generating various timing signals and 
producing a control signal based on the timing signals, 
display controllers 51 and 52 for executing display 




control in accordance with the control signal from the 
timing controller 11, signal drivers 23 and 24 for driv- 
ing a liquid crystal panel 20 for gray-scaled display in 
response to the outputs of the display controllers 51 
and 52 , and scan^ehrlVer- 21 and 22 for driving the liquid 
crystal panel based on a predetermined timing. The tim- 
ing controller 11 and the display controller 51 process 
a 5-bit signal, while the signal drivers 23 and 24 and 
the scan drivers 21 and 22 process a 3-bit signal. 

The timing controller 11 comprises: a V counter 62; 
a timing generator 63; a voltage controlled oscillator 
(OSC) 64; a PLL circuit 67 which includes a phase com- 
parator 65 and an H counter 66; a timing generator 68; 
and a controller 69. The V counter 62 counts a vertical 
sync signal <t>y T ^e timing generator 6 3 produces vari- 
ous vertical timing clocks based on the output of the V 
counter 62. The PLL circuit 67 compares the phase of a 
horizontal sync signal ct> H with that of a signal acquired 
by frequency-dividing the output of the OSC 64, and 
locks the phases. The timing generator 68 produces var- 
ious horizontal timing clocks based on the output of the 
H counter 66 of the PLL circuit 67. The controller 69 
produces various control signals based on the outputs of 
the timing generators 6 3 and 68. The controller 69 out- 
puts a D/D control signal, and outputs a select signal 

levels 

4>p that has^ M l" and "0 n inverted for each single field 
to the A/D converter 12, an inversion signal <t>f that has' 



"1" and "0" inverted for every 1H (H: horizontal scan 
period) to the scan drivers 21 and 22, and a zero bias 
control signal EC to voltage selectors 9 2 and 9 3 to set 
the zero bias. 

The output of the A/D converter 12 is supplied to 
the display controller 51 which controls the upper liq- 
uid crystal panel 20A, and to the display controller 52 
which controls the lower liquid crystal panel 20B. The 
D/D control signal prepared in the controller 69 is sup- 
plied to the display controllers 51 and 52. The display 
controller 51 has the same structure as the display con- 
troller 52, but has different operational timings for 
the internal circuitry from those of the latter^control- 
ler 52. 

The display controller 51 comprises an OP 
(operation) decoder 71, a shift register (SIM (Serial In 
Memory )-A) 72, a frame memory (RAM-A) 73, a frame memory 
(RAM-B) 74, a shift register (SOM (Serial Out Memory) -A) 
75, a shift register (SOM-B) 76, and a ROM 77. The OP 
decoder 71 decodes ^Lhe D/D luuLiuI signal from the tim- 
ing controller 11 to output write enable signals WEA and 
WEB to enable data writing in the frame memory 7 3 and 
frame memory 74, and a read pulse RS . The shift regis- 
ter 72 holds 5-bit digital video data RD for R (red) 
after conversion for one scan line. The frame memory 7 3 
sequentially stores the data RD for one scan line held 
in the shift register 72, in response to the write 
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enable signal WEA. The frame memory 74 sequentially 
stores the data RD for 1H held in the shift register 72, 
in response to the write enable signal WEB. The shift 
register 75 reads out video data for one scan line from 
5 the frame memory 7 3 in response to the read pulse RS 
to convert it to serial data. The shift register 76 
reads out video data for one scan line from the frame 
memory 74 in response to the read pulse RS to convert it 
to serial data. The ROM 77 includes a ROM table 100 as 
10 shown in Fig. 9, sequentially compares the video data of 
the previous frame with that of the current frame using 
the data stored in the shift registers 75 and 76 as 
addresses . 

The display controller 52 comprises an OP decoder 
15 81, a shift register (SIM-B) 82, a frame memory (RAM-C) 
83, a frame memory (RAM-D) 84, a shift register (SOM-C) 
85, a shift register (SOM-D) 86, and a ROM 87. The OP 
decoder 81 decodes the D/D control signal from the tim- 
ing controller 11 to output write enable signals WEC and 
20 WED to enable data writing in the frame memory 8 3 and 

frame memory 84, and a read pulse RS . The shift regis- 
ter 82 holds 5-bit digital video data RD for R (red) 
after conversion for one scan line. The frame memory 8 3 
sequentially stores the data RD for one scan line held 
25 in the shift register 82, in response to the write ena- 
ble signal WEC. The frame memory 84 sequentially stores 
the data RD for one scan line held in the shift 
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register 82, in response to the write enable signal WED. 
The shift register 75 reads out video data for one scan 
line from the frame memory 8 3 in response to the read 
pulse RS to convert it to serial data. The shift regis- 
5 ter 86 reads out video data for one scan line from ±rr 

the frame memory 84 in response to the read pulse RS to 
convert it to serial data. The ROM 87 including the ROM 
table 100 the data held in the ROM table 100 to the sig- 
nal driver. 56, sequentially compares the video data of 
10 the ^poriodo frame with that of the current frame, using 

the data stored in the shift registers 85 and 86 as 
Qflldr^Si c/ctf<? -fo^ v^k^ 1LOM <gn 
/ \QddreaoGo . 

Assuming that there are 7 36 pixels of the liquid 
crystal panel 20 per scan line, the shift registers 

15 (SIM-A) 72 and (SIM-B) 82 are each a 736-stage shift 

register. The data stored in the shift registers 72 and 
82 are input to the frame memories (RAM-A) 73, (RAM-B) 
74, (RAM-C) 83, and (RAM-D) 84. This operation will be 
described later. 

20 The data read out from the ROM 77 is output to the 

signal driver 23, while the data read out from the ROM 
87 is output to the signal driver 24. Based on the 
3-bit data read from the ROMs 77 and 87, the signal 
electrode drivers 2 3 and 24 supply gray scale signals 

25 to the signal electrodes of panels 20A and 20B. (The 
number of bits of the gray scale signal in the display 
controllers 51 and 52 is 5 bitsY 



The scan electrode driver 21 drives scan electrode 
of the liquid crystal panel 20 at the timing shown in 
Fig. 15 which will be discussed later. 

There are 736 pixels of the liquid crystal panel 2 
per one scan line, and three such panels each with 480 
scan electrodes are used for R, G and B. The number of 
pixels of an image to be projected in this case is 

Number of pixels = 480 x 7 36 x 3. 
The amount of data to be processed by the display con- 
trollers is 

Amount of data = (number of pixels) x 5 (bits). 
The duty of the liquid crystal panel 20 is 

Duty = 1/480 x 2 (for bisected liquid crystal 
panel 20) 

x 2 (for two lines of scan electrodes 
selected simultaneously) 
= 1/120. 

Fig. 9 illustrates the structure of the ROM table 
100 stored in each of the ROMs 77 and 82. 

The ROM table 100 is a table prepared for conver- 
sion of the gray scale signals to improve the response 
speed of the liquid crystal and conversion of the numbe] 
of bits of each gray scale signal as discussed in the 
earlier i=retrfcief*s* of features (3) and (4). The ROM tabic 
100 has the following features. 

The values (0 to 31) of a 5-bit gray scale signal 
in the previous frame of the video signal are assigned 
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to the vertical addresses in the ROM table 100, and the 
values (0 to 31) of a 5-bit gray scale signal in the 
current frame of a video signal are assigned to the 
horizontal addresses. Data converted values are stored 
5 in the individual entries of the ROM table 100. Each 

data converted value includes four 3-bit gray scale data 
0 (minimum value representable by three bits) to 7 
(maximum value representable by three bits). The data 
converted values are a set of 3-bit gray scale data 

10 determined to improve the response speed of the liquid 
crystal as much as possible, based on the difference 
between the gray scale data of the previous frame (two 
fields before) of a video signal and that of the current 
frame of the video signal. The optimal data converted 

15 values are computed in advance through simulation or the 
like and stored in the ROM table 100. 

The difference between the gray scale data of the 
previous frame of a video signal and that of the current 
frame of the video signal is considered here because the 

an 

20 gray scale of^arbitrary pixel is specified for each 
frame (two fields). 

For instance, when the value of 5-bit gray scale 
data of the previous frame of a video signal is 11 2" and 
the value of 5-bit gray scale data of the current frame 

25 of the video signal is "15," the ROM 77 compares "2" 
with "15" and reads out a converted value "7777" from 
the associated entry of the ROM table 100. Based on the 
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value "7777," a signal corresponding to the gray scale 
"7" is applied to the signal electrodes in the first to 
fourth frames in one field. This is substantially 
equivalent to applying a gray scale signal, which 
5 specifies a gray scale of "28 (= 7 x 4)" in the current 
field to the signal electrodes, thus improving the 
response speed. As the gray scale signal read out from 
the ROM table 100 consists of three bits, the number of 
bits the signal driver 23 should process is reduced. 

10 Likewise, when the value of 5-bit gray scale data 

of the previous frame of the video signal is "15" and 
the value of 5-bit gray scale data of the current frame 
of the video signal is "15," for example, a converted 
value "4443" is read out from the associated entry of 

15 the ROM table 100, and a signal corresponding to the 
gray scale "4" is applied to the signal electrodes in 
the first to third frames in one field and a signal 
corresponding to the gray scale "3" is applied to the 
signal electrodes in the^ so urce frame in the field. 

20 Referring to Fig. 8, a liquid crystal drive 

voltage generator 91 generates liquid crystal drive 
voltages V0 to V4, the voltages VI to V3^ supplied to 
voltage selectors 9 2 and 93, the voltages V0, V2 and V4^ J 
supplied to the scan electrodes drivers 21 and 22. The 

25 drive voltages vo to V4 are set with such given voltage 

■ 

differences that V0 and VI are on the positive side with 
V2 in the center while V3 and V4 are on the negative 
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side. The voltage selectors 9 2 and 9 3 are supplied with 
the zero bias control signal EC from the controller 69, 
while the scan electrode drivers 21 and 22 are supplied 



has its signal level inverted in synchronism with a 
common shift clock to select the voltage V0 or V4 for 
driving the scan electrodes. The zero bias control 
signal EC serves to distribute the zero bias periods 



bias control signal EC is normally at a "0" level and 
becomes "1" for a predetermined period before each frame 
end • 

The scan electrode drivers 21 and 22, which are 
provided with shift registers to generate scan signals, 
shift the D/D control signal from the controller 69 in 
synchronism with the common shift clock to sequentially 
drive the scan electrodes of the liquid crystal panel 20 
in accordance with data shifted in those shift 
registers . 

The voltage selectors 92 and 9 3 are go n o - t -jrfeu-ted- 
-sperrjtfTCBiiy as shown in Fig. 10. Fig. 10 illustrates 
the circuit configuration of the voltage selector 92. 
The voltage selector 9 3 has the same circuit structure. 
Referring to Fig. 10, the voltage selector 92 is sup- 
plied with the liquid crystal drive voltages VI , V2 
and V3 from the drive voltage generator 91. The drive 
voltage VI is output via a gate circuit Gl to an output 



with the inversion signal <J>f . The inversion signal <j)f 
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line 201. The drive voltage V2 is output via a gate 
circuit G2 to the output line 201 and via a gate circuit 
G3 to an output line 202. The drive voltage V3 is out- 
put via a gate circuit G4 to the output line 202. The 

5 zero bias control signal EC coming from the controller 
69 via an inverter 203 is level-shifted by a level 
shifter 204, and is then supplied as a gate signal to 
the gate circuits Gl and G4 as well as to the gate cir- 
cuits G2 and G3 also as a gate signal via an inverter 

0 205. The voltage taken from the output line 201 is sent 
as a liquid crystal drive voltage VI' to the signal 
driver 23, and the voltage taken from the output line 
202 sent there as a liquid crystal drive voltage V3». 
The output voltage of the signal electrode driver 23 is 

5 selected in accordance with the video data output from 
the display controller 51 to be sent as a signal elec- 
trode drive signal to the liquid crystal panel 20. In 
the zero bias periods of the individual frames, the zero 
bias control signal EC becomes a high level and the out- 

D put of the inverter 205 also becomes a high level. This 
enables the gate circuits G2 and G3, and disables the 
gate circuits Gl and G4 , permitting the voltage V2 to be 
output from both output lines 201 and 202. This voltage 
V2 gives a zero bias to the liquid crystal. In other 

5 periods than the zero bias periods, i.e., at the normal 
operation time, the zero bias control signal EC becomes 
low, and the output of the inverter 205 also becomes 
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low. This disables the gate circuits G2 and G3 , and 
enables the gate circuits Gl and G4 , permitting the 
voltage VI to be output from the output line 201 and the 
voltage V3 to be output from the output line 202. As a 
5 result, the signal driver 2 3 outputs the voltage VI or 
V3 as the signal electrode drive voltage in accordance 
with the data from the display controller 51. In other 
words, the voltage selectors 92 and 9 3 output voltages 
as shown in Fig. 11 in accordance with the zero bias 
10 control signal EC and the inversion signal cj>f . 

The operation of a projection type image display 
apparatus according to this embodiment will be described 
below . 

General Operation 

15 To begin with, the PLL circuit 65 of the timing 

controller 11 locks the phase and frequency of the 
horizontal sync signal <t> H prepared from the video 
signal and those of a signal acquired by frequency- 
dividing the output of the OSC 6 4 by means of the H 

20 counter 66. The output of the H counter 66 is input to 
the timing generator 68, which in ^ turn s produces various 
timing clocks for horizontal sync control. The vertical 
sync signal 4> v is input to the V counter 62. Based on 
the count output of the H counter 66, the V counter 6 2 

25 counts the horizontal sync signal in synchronism with 
the vertical sync signal ct> v - The timing generator 6 3 
prepares various timing clocks for vertical sync 
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control . 

The video signal for R (red) is output to the shift 
register (SIM-A) 72 and the shift register (SIM-B) 82 
after being converted to a 5-bit digital signal by the 
5 A/D converter 12. The data RD for one horizontal scan 
of the converted digital video signal R (red) is stored 
in the shift register 72. Data of one frame stored in 
the shift register 72 is written as data for the A field 
and data for the B field in the frame memory (RAM-A) 7 3 

10 in response to the write enable signal WEA (Fig. 13). 

Likewise, data of the next frame is written as data for 
the C field and data for the D field in the frame memory 
(RAM-B) 74 in response to the write enable signal WEB 
(Pig. 13). The video data for the same scan line stored 

15 in the frame memories 7 3 and 74 are read out into the 

respective shift registers (SOM-A) 75 and (SOM-B) 76 at 
a time in response to the read pulse RS (Fig. 13). With 
output data of the shift registers 75 and 76 used as the 
address in the RAM 77, the ROM 77 sequentially compares 

20 the data of the previous frame of the video signal with 
data of the current frame of the video signal concerning 
the same pixel, and reads out the associated contents of 
the ROM table 100. The read-out 3-bit data is sent to 
the signal electrode driver 23. 

25 As the frame frequency of the present image display 

apparatus 2 is 240 Hz and two liquid crystal panels 20A 
and 20B are used, data for one line is read out from the 
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ROM 77 in a 1/2 horizontal scan period , and is displayed 
on the liquid crystal panel 54 via the signal driver 



An image is displayed on the lower liquid crystal 

panel 20B in A -e^m4Xa^ proc o dure s . The same display con- 

/N pe- 
trol as done for*R will be performed for G display sec- 



Operations of Display Controllers 51 and 52 
The controller 69 sends a shift clock SICA to the 
shift register (SIM-A) 72 in the first half of each 
field, and sends a shift clock SICB to the shift 
register (SIM-B) 82 in the second half of each field. 
The shift clocks SICA and SICB are output at the timing 
the A/D converter 12 outputs gray scale data for one 



In the first half of each field, the shift register 
72 latches the data from the A/D converter 12 while 
shifting it in response to the data shift clock SICA. 
When a gray scale signal for one scan electrode is held 
in the shift register 72, this held data is stored in 
the frame memory (RAM-A) 7 3 or (RAM-B) 7 4 for every two 
fields • 

In the second half of each field, the shift regis- 
ter 82 latches the data from the A/D converter 12 while 
shifting it in response to the data shift clock SICB. 
When a gray scale signal for one scan electrode is held 
in the shift register 82, this held data is stored in 



23 . 
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the frame memory (RAM-C) 83 or (RAM-D) 84 for every two 
fields. This operation will now be described referring 
to Figs. 12 and^-irS - : 

Fig. 12 presents a diagram for explaining the 
5 operation to write and read video data to and from the 

RAM-A to RAM-D in, for example, f5, one of the fields fl 
to f8. Figs. 13A to 13J^-give a timing chart that illus- 
trates the detailed operation timings of the individual 
sections in the fields f5 to f 8 . 

10 In the first half of each field, the shift register 

72 latches the data from the A/D converter 12 in 
response to the data shift clock SICA (Fig. 13C). In 
the second half of each field,, the shift register 82 
latches the data from the A/D converter 12 in response 

15 to the data shift clock SICB (Fig. 13D) . 

As shown in Figs. 13E to 13H, first, in the first 
half of the field f5, data (HI to H120) for the liquid 
crystal panel 20A is written line by line in the frame 
memory (RAM-A) 7 3 in response to the write enable signal 

20 WEA. In the second half of the field f 5 , data (H121 to 
H240) for the liquid crystal panel 20B is written line 
by line in the frame memory (RAM-C) 8 3 in response to 
the write enable signal WEC. Although there are 240 
scan electrodes for each liquid crystal panel 20A or 

25 20B, since the scan electrodes are selected by twos at 
a time, the data to be supplied in each field become Hi 
to H240 for 240 lines. There are 7 36 dots on one scan 
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electrode, so that each piece of data HI to H240^f*=itrd-e~ 
736 pieces of gray scale data (5 bits each) which spec- 
ify the gray scales of the associated dots. 

In the field f6, data for the liquid crystal panel 
5 20A is written in the frame memory (RAM-A) 7 3 in 

response to the write enable signal WEA, and data for 
the liquid crystal panel 20B in the frame memory (RAM-C) 
8 3 in response to the write enable signal WEC. 

In the next field f 7 , data for the liquid crystal 
10 panel 20A is written in the frame memory (RAM-B) 74 in 
response to the write enable signal WEB, and data for 
the liquid crystal panel 20B in the frame memory (RAM-D) 
84 in response to the write enable signal WED. 

In the field f8 too, data for the liquid crystal 
15 panel 20A is written in the frame memory 74 in response 
to the write enable signal WEB, and data for the liquid 
crystal panel 20B in the frame memory 84 in response to 
the write enable signal WED. 

In the subsequent field f9, data for the liquid 

20 crystal panel 20A is written in the frame memory 7 3 in 

response to the write enable signal WEA, and data for 

iJS u>r /Wen 

£) the liquid crystal panel 20B^in the frame memory 8 3 in 

response to the write enable signal WEC. 

The same operation will be repeated thereafter. 
25 Video data for one line held in each shift register 

72 or 82 is written line by line in the frame memories 
(RAM-A to RAM-D). More specifically, data of the 
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field f2, for example, is written in the frame memories 
(f2W) at the timing of field f2, and data of the field 
f3^in the frame memories (f3W) at the timing of field 
f3, as shown in Fig. 12. Likewise, data of the field f8 
5 is written in the frame memories (f8W) at the timing of 
field f8. 

At the timing of the field f 5 , for example, data of 
the field f2 is read out from the frame memories four 
times (f2R). The contents of a single reading f2R are 

10 shown in the enlarged section in Fig. 12. It is appar- 
ent from this diagram that data HI to H120 of the field 
f2 are read out from the frame memory (RAM-A) 73, and 
data HI to H120 of the field f4 are read out from the 
frame memory (RAM-B) 74, while data H240 to H121 of the 

15 field f2 are read out from the frame memory (RAM-C) 83, 
and data H240 to H121 of the field f4 are read out from 
the frame memory (RAM-D) 84. Likewise, data for the 
upper half of the previous screen, data for the upper 
half of the current screen, data for the lower half of 

20 the previous screen and data for the lower half of the 
current screen are read out from the associated frame 
memories in other frames and other fields. The reason 
why data for the lower half of each screen is read out 
from the frame memory 8 3 or 84 in the reverse direction 

25 toward H121 from H240 will be explained later. 

5-bit gray scale data for 736 dots for one horizon- 
tal scan is input to the shift register (SIM-A) 72, and 
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736-dot data stored in the shift register 72 is stored 
in the frame memories (RAM-A) 7 3 and (RAM-B) 7 4 . 
7 36 x 5-bit data are read out from the frame memories 7 3 
and 74, and are output to the shift registers (SOM-A) 85 
5 and (SOM-B) 86. The shift registers 85 and 86 store the 
7 36 x 5-bit data read out from the frame memories 7 3 and 
74 in response to the read pulse RS (Fig. 131), and 
output the data dot by dot (in the units of five bits). 
The ROM 77 is accessed with the 5-bit data read out at 

10 the same timing from the shift registers 85 and 86, 

i.e., the 5-bit gray scale data for one frame and the 
previous frame with respect to the same dot. The ROM 77 
is therefore accessed 736 times per one scan in the 1/2 
horizontal scan period. Since the frame frequency is 

15 240 Hz, the ROM 77 should normally be accessed 7 36 times 
in the 1/4 horizontal scan period, but because of the 
provision of two display controllers 51 and 52, the ROM 
77 is actually accessed 7 36 times in the 1/2 horizontal 
scan period. The same is true of the operation of the 

20 shift register (SOM-B) 86. 

As the contents of the frame memory 7 3 are shifted 
by one frame (two fields) from the contents of the frame 
memory 74, the ROM 77 is accessed using the video data 
of, for example, the fifth field f5 and the seventh 

25 field f7 as addresses. Converted 3-bit data is read 

out from the ROM 77 when accessed by 5-bit data, and is 
output to the signal driver 23. This means that all of 



the drivers of the liquid crystal panel 20 operate on a 
3-bit signal (see Fig, 14). Therefore, video data of 
the field f2 and data of the field f4 which specifies 
the gray scale of the same dot in the next frame are 
stored in the associated frame memories, and are com- 
pared with each other in the field f 5 . This presents a 
display delayed by a frame. 

As described above referring to Fig. 14, since the 
liquid crystal driving systems to drive the liquid crys- 
tal panel 20 can all operate on 3-bit data, the circuit 
scale can be reduced significantly. In this case, all 
of the three systems for R, G and B can operate on 
3-bit, and, what is more, 5-bit information can still be 
acquired while processing 3-bit data. 

Operation of Liquid Crystal Driver 

Fig. 15 is a diagram showing the drive waveforms 
output from the scan electrode drivers 21 and 22. In 
this embodiment, because the scan electrodes are driven 
by twos (feature (5); see Fig. 7), the line 2 (X2) and 
line 3 (X3), the line 4 (X4) and line 5 (X5), and so 
forth are selected simultaneously in the one field, and 
the line 3 (X3) and line 4 (X4), the line 5 (X5) and 
line 6 (X6), and so forth are selected simultaneously in 
the next field, the former combination of the selected 
lines^dif ferent from the latter combination, as shown in 
Fig. 15. This particular driving technique increases 
the driving margin of the liquid crystal. 



Further, this embodiment employs a method of 
inverting the drive waveform every period for selection 
of the scan electrodes in order to drive the liquid 
crystal panel^ea 1 an AC voltage. 

Furthermore, in scanning the bisected liquid crys- 
tal panel 20 in this embodiment, both the upper liquid 
crystal panel 20A and the lower liquid crystal panel 20B 
are not scanned in the forward direction as indicated by 
the arrow a in Fig. 16, but the lower liquid crystal 
panel 20B is scanned in the reverse direction as indi- 
cated by the arrow b in Fig. 16. This driving can cause 
the seam between the upper and lower liquid crystal pan- 
els 20A and 20B not to stand out. In reading out data 
from the frame memories ( RAM-C ) 8 3 and (RAM-D) 84 of the 
display controller 52, therefore, data is read out in 
the reverse direction from H240 to H121 as shown in 
Fig. 12. 

When the zero bias control signal EC is input to 
the voltage selectors 92 and 93 from the controller 69 
(i.e., when the zero bias control signal EC becomes "1" 
for each frame period as shown in Fig. 17), the voltage 
selectors 92 and 93, which have been outputting the 
liquid crystal drive voltage VI or V3 up to that point 
of time, will output the voltage V2. As a result, the 
signal electrode drivers 23 and 2Afi±&- supplied with the 
voltage V2, so that this voltage V2 is applied to the 
signal electrodes of the liquid crystal panel 20. As 



- 38 - 



the voltage V2 (e.g., 0 volts) is generally supplied to 
the scan drivers in the non-selecting period, rendering 
the level of the zero bias control signal EC to "l" can 
set the voltages applied to the signal electrodes and 
5 scan electrodes to the voltage V2, ensuring the zero 
bias state. 

As described above, the image display apparatus 2 
according to this embodiment is provided with the con- 
troller 69, which prepares the zero bias control signal 

10 EC that becomes active in each field period, and the 
voltage selectors 92 and 93, which, upon reception of 
the zero bias control signal EC, switch the liquid 
crystal drive voltages VI and V3 to the zero bias volt- 
age V2 and output it, whereby the zero bias periods are 

15 distributed to the individual frames. It is therefore 

possible to increase the frame frequency to increase the 
operational margin, improving the contrast, without 
causing an adverse effect on display due to the 
increased frame frequency, which otherwise shortens a 

20 single scan time and thus increases the ratio of the 

zero bias periods in the individual frames, causing an 
adverse effect on the display. 

The display controller 51 comprises the shift 
register (SIM-A) 72 for storing 5-bit video data for one 

25 scan line, the frame memory (RAM-A) 73 where the data 
for one scan line stored in the shift register 72 is 
written in response to the signal WEA, the frame 
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memory (RAM-B) 74 where the data for one scan line 
stored in the shift register 72^at the timing of the 
signal WEB, the shift register (SOM-A) 75 for reading 
out the data for one line, written in the frame memory 
5 7 3, at a time in response to the read pulse RS for tem- 
porary storage, the shift register (SOM-B) 76 for read- 
ing out the data for one line, written in the frame 
memory 74, at a time at the timing of the read pulse RS 
for temporary storage, and the ROM 77 which has the ROM 

10 table 100 stored therein, sequentially compares the data 
of the previous frame stored in the shift register 75 
with that of the current frame stored in the shift reg- 
ister 76, and outputs data converted values, given in 
the ROM table 100, to the signal driver 55. The display 

15 data stored in the frame memories (RAM-A) 73, (RAM-B) 

74, (RAM-C) 8 3 and (RAM-D) 84 are read out four times in 
one field in such a way that the display data stored in 
the frame memories 8 3 and 84 are read out therefrom in 
an order different from the writing order. It is there- 

20 fore possible to increase the frame frequency and 

improve the contrast accordingly. In addition, the seam 
between the upper and lower liquid crystal panels 20A 
and 20B will not stand out, thus improving the image 
quality . 

25 Although the reference voltage of the A/D converter 

12 is shifted by a single frequency-dividing resistor 
(one range) for every field in this embodiment, this 
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embodiment is not restricted to this particular 
shifting- For instance, the reference voltage may be 
shifted by three frequency-dividing resistors (three 
ranges); this modification may improve the image quality 
in some cases. 

While the zero bias periods are distributed equally 
over the individual frames in this embodiment, the zero 
bias periods may not be provided evenly. For instance, 
the zero bias periods may be distributed as "5H," "5H," 
11 5H 11 and "7.5n" over the four frames, or may be distrib- 
uted as "5.5H," "5.5H," "5.5H" and "6H." 

Although the non-display period is the zero bias 
period in this embodiment, a period for keeping the scan 
electrodes and the signal electrodes at the same poten- 
tial may be provided in the display period in which the 
same image is to be displayed* 

While this embodiment is an image display apparatus 
as applied to, for example, an STN type liquid crystal 
projector, this is not in any way restrictive. It is 
needless to say that this invention can apply to any 
type of apparatus which uses a memory. 

Although one field is divided into four frames in 
this embodiment, it may be divided into a different 
number of frames . 

Further, the number of control bits for the image 
display apparatus and the number of bits of data in the 
ROM table are not limited to those specified herein for 
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this embodiment. 

Furthermore, the circuitry constituting the image 
display apparatus, and the circuitry constituting the 
liquid crystal panel and the number of pixels of the 

ft 

5 liquid crystal panel, etc., and the types of the image 
display apparatus and the liquid crystal panel are not 
restricted to those of this embodiment specified herein. 
Second embodiment 

Fig. 18 illustrates the second embodiment of the 

10 present invention as applied to a liquid crystal 

television. As shown in Fig. 19, an image memory 311 
and a ROM 312 are provided on the output side of an A/D 
converter 304. The image memory 311, a dual port memory 
for storing image data in one frame, is operated in 

15 accordance with a memory address or a write/read 

command sent from a sync controller 305. The image 
memory 311 sequentially stores, for example, 3-bit image 
data sent from the A/D converter 304, and after recep- 
tion of one-frame data, the memory 311 outputs the data 

20 to an upper-address terminal U of the ROM 312. Image 
data output from the A/D converter 304 is sent to a 
lower-address terminal L of the ROM 312. The ROM 312 
has a table where the optimal image data is stored in 
advance which is acquired by the current image data and 

25 the image data for the previous frame to improve the 

response speed. The ROM 312 sends 3-bit image data Dl 
to D3 which are selected by the addresses supplied to 
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the address terminals U and L, to a segment driver 306. 

The operation of the second embodiment will now be 
explained. 

Fig. 19 shows a table of image data stored in the 
5 ROM 312. 3-bit image data A2 to AO directly input from 
the A/D converter 304 are regarded as lower addresses. 
3-bit image data A5 to A3 which are input through the 
image memory 311 with a delay of one-frame period are 
regarded as upper addresses. One of pieces of image 
10 data "0" to "7" at the position on the table designed by 
those addresses is read out, and is sent as 3-bit image 
data Dl to D3 to the segment driver 306. 

Fig. 20 exemplifies image data which is output from 
the A/D converter 304 at the timing of each of frame 

* 

15 numbers "0" to "9" in accordance with the table shown in 
Fig. 19, and associated image data sent from the image 
memory 311 to the ROM 312. As shown in Fig. 20, if 
image data sent from the A/D converter 304 to the frame 
"0" has a gray scale "0," and image data sent to the 

20 frame "l" has a gray scale "4, 11 a gray scale "0(000)" is 
input as the upper-addresses and a gray scale "4(100)" 
as the lower-addresses to the ROM 312 at the timing of 
the frame "1." A gray scale "6(110)" is therefore read 
out as image data Dl to D3 from the ROM 312 according to 

25 the table shown in Fig. 20, and it is then sent to the 
segment driver 306. 

In the frame "2," a gray scale "4(100)" is input as 
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the upper-addresses and a gray scale "7 (111)' 1 as the 
lower-addresses to the ROM 312. Consequently, a gray 
scale "7(111)" is likewise read out as image data Dl to 
D3 from the ROM 312, and is then sent to the segment 
5 driver 306. 

For the other frames, the operation will be per- 
formed in the same manner. If the gray scale of image 
data sent from the A/D converter 304 is higher than that 
of image data in the previous frame sent from the imaqe 

10 memory 311, image data having a^±- i y h L ly higher gray 

scale than the actually specified one is read out from 
the ROM 312, and is sent to the segment driver 306. 
When the gray scale of the image data from the A/D 
converter 304 is lower than that of the image data in 

15 the one previous frame which is output from the image 
memory 311, image data having a slightly lower gray 
scale than the actually specified one is read out from 
the ROM 312, and is sent to the segment driver 306. In 
the case where the gray scale of image data is changed, 

20 therefore, image data stored in advance in the ROM 312 
is read out in accordance with the direction and the 
degree of change, and a liquid crystal panel 308 is then 
driven, yielding^ sharp rise or fall in the light 
transmittance . It is therefore possible to increase the 

25 response speed of the liquid crystal panel 308 and per- 
mit the liquid crystal panel 308 to quickly follow up a 
drastically^ change image. 



The third embodiment 

Fig. 21 illustrates the third embodiment of the 
present invention as applied to a liquid crystal 
television. As shown in Fig. 21, an image memory 321, a 
comparator 322, an address decoder 323, a ROM 324 and a 
selector 325 are provided on the output side of an A/D 
converter 304. The image memory 321, a dual port memory 
for storing image data in one frame, is operated in 
accordance with a memory address or a write/read command 
sent from a sync controller 305. The image memory 321 
sequentially stores, for example, 3-bit image data sent 
from the A/D converter 304, and after reception of one- 
frame data, the image memory 321 outputs the data to an 
input terminal V of the comparator 322. Image data out- 
put from the A/D converter 304 is directly sent to an 
input terminal U of the comparator 322. The comparator 
322 subtracts image data in the previous frame at the 
input terminal V from the current image data at the 
input terminal U. The comparator 3 22 then sends a gray 
scale difference signal as the result of the comparison 
from an output terminal R to an input terminal B of the 
address decoder 323, and sends identification signals SO 
and SI to the selector 325 according to the comparison 
result. The address decoder 323 receives image data 
directly from the A/D converter 304 at its input termi- 
nal A, and generates designation addresses corresponding 
to the signals given to the input terminals A and B by 



a mode signal from a control system (not shown) , output- 
ting those addresses from its output terminal Y to the 
address terminal of the ROM 324. Upon reception of the 
designation addresses from the address decoder 323, the 
ROM 324 reads image data previously stored, and outputs 
the image data to an input terminal J of the selector 
325. In accordance with the identification signals SO 
and SI from the comparator 322, the selector 325 selects 
image data directly input to an input terminal I from 
the A/D converter 304, image data "7" of the maximum 
gray scale input to an input terminal K, image data 
input to the input terminal J from the ROM 324, or image 
data of the minimum gray scale input to an input termi- 
nal L . The selected image data is output from an output 
terminal P of the selector 325 to the segment driver 
306 . 

The operation of the third embodiment will be 
described below. 

Fig. 22 illustrates output signals according to 
the comparison result from the comparator 322. If the 
current image data from the A/D converter 304 to be sent 
to the input terminal u is the maximum gray scale "7," 
the comparator 322 sets the identification signal SO to 
the selector 325 to "0" (low level) and SI to "l" (high 
level) regardless of the gray scale of the image data 
from the image memory 3 21 in the previous frame to be 
input to the input terminal V. Likewise, in the case 



where the current image data is the minimum gray scale 
"0," 'the comparator 322 sets both identification signals 
SO and SI to the selector 325 to "l" regardless of the 
image data in one previous frame. 

When the current image data is not "7" or "0" and 
the result of the comparison of the gray scale of this 
image data with that of the image data of the previous 
frame is " (+)4" or greater, or "-4" or smaller, it means 
that the image data has been drastically changed. The 
comparator 322 does not output the gray scale signal to 
the address decoder 32 3 from the output terminal R but 
outputs only the identification signals SO and SI having 
values as shown in Fig, 22. Likewise, when the compari- 
son result is "0," which indicates that the image data 
has not been changed at all, the comparator 322 outputs 
neither the gray scale difference signal to the address 
decoder 323 nor the identification signals SO and SI 
from the output terminal R. 

If the comparison result is one of " ( + )!' to lf ( + )3 M 
or "-3" to which means that the image data has 

been changed in a specific range, the comparator 322 
outputs the gray scale difference signal "U-V" to the 
address decoder 32 3 from the output terminal R, and also 
outputs the identification signals SO and SI having the 
values shown in Fig. 22 to the selector 325. 

The address decoder 323 generates designation 
addresses in normal mode in accordance with image data 



# 
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from the A/D converter 304 directly input to the input 
terminal A, and the gray scale difference signal from 
the comparator 322 input to the input terminal B. The 
address decoder 323 then outputs those addresses from 
5 its output terminal Y to the address terminal of the ROM 
324. The ROM 324 reads previously-stored image data 
according to the specified addresses from the address 
decoder 323, and outputs the image data to the input 
terminal J of the selector 325. Fig. 24 shows the cor- 

10 relation between the signals input to the input termi- 
nals A and B of the address decoder 32 3 and the image 
data read out from the ROM 324. As apparent from this 
diagram, stored in advance in the ROM 324 is only image 
data having gray scales with slightly greater emphasis 

15 put on the degree of change than the actual gray scales, 
which are necessary when the current image data has one 
of the values "1" to "6" and the value of the gray scale 
difference signal is in the range of. "(+)1" to " (+)3," 
or "-3" to so that the image data is read out 

20 whenever specified. 

In accordance with the identification signals SO 
and SI from the comparator 322, the selector 325 selects 
one piece of image data to be input from the input ter- 
minals I, J, K and L as shown in Fig. 23, and outputs 

25 the selected image data from the input terminal P to the 
segment driver 306. The contents selected by this 
selector 325 will be described below. 




i) In the case of SO = "0" and SI = "0" 

There is no change in the gray scale because the 
current image data from the A/D converter 304 and the 
image data of the previous frame have the same gray 
scale. The selector 325 outputs the current image data, 
directly sent from the A/D converter 304 to the input 
terminal I, from the output terminal P without any 
change . 

ii) In the case of SO = "0" and SI = "l" 

The gray scale difference signal "U-V" output from 
the output terminal R of the comparator 322 has one of 
the values " ( + )1 M to "(+)3," or "-3" to "-1." This 
means that the current image data has been changed from 
the image data of the previous frame in a specific 
range. The selector 325 outputs the image data s-hown in- 
Fig. ' 25 , which has been received at the input terminal J 
from the ROM 324 and has a gray scale with slightly 
greater emphasis put on the degree of change, from the 
output terminal P. 

iii) In the case of SO = "1" and SI = " 0" 

In this case the current image data has the maximum 
gray scale "7" or the value of the gray scale difference 
signal "U-V" to be output from the output terminal R of 
the comparator 322 is "4" or greater. The selector 325 
therefore outputs the maximum gray scale "7" of the 

* 

image data, which has been received at the input 
terminal K, from the output terminal P. 
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iv) In the case of SO = "1" and SI = "i" 
In this case, the current image data has the 
minimum gray scale "0" or the value of the gray scale 
difference signal "U-V n to be output from the output 
5 terminal R of the comparator 322 is "-4" or smaller. 
The selector 325 therefore outputs the minimum gray 
scale "0" of the image data, which has been received at 
the input terminal L, from the output terminal P. 

As described above, image data having a gray scale 

10 with slightly greater emphasis on the degree of change 
and stored in advance in the ROM 324 is read out there- 
from only when the current image data is different from 
the image data of the previous frame in a specific 
range. In the other cases, the current image data or 

15 image data indicating the maximum gray scale or the min- 
imum gray scale is sent to the segment driver 306, in 
accordance with the contents of the image data and the 
degree of change from the image data of the previous 
frame. The amount of image data to be stored in advance 

20 in the ROM 324 can be reduced significantly, thereby 

decreasing the required memory capacity of the ROM 324. 

With image data consisting of three bits, for 
example, when a table of image data is to be stored in 
advance in the ROM 3 24 to permit image data having a 

25 properly emphasized gray scale to be acquired simply 
from the current image data and the image data of the 
previous frame, the ROM 324 normally needs a memory 
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capacity corresponding to 64 (= 8 x 8) addresses. With 
the use of the table given in Fig^^S^ however, the ROM 
324 requires a memory capacity corresponding to 
36 (=6x6) addresses to have the same advantage as 
5 given in the above case. 

The above embodiments are applied to the STN type 
LCD device. This invention is not limited to this 
device. The invention can be applied to TN (Twisted 
Nematic) type, TFT (Thin Film Transistor) type, and TFD 
10 (Thin Film Diode) type LCD devices, for example. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details, and representative devices, shown 

* 

15 and described herein. Accordingly, various modifica- 
tions may be made without departing from the spirit or 
scope of the general inventive concept as defined by the 
appended claims and their equivalents. 



